Objectives: This study's objectives were to determine the national prevalence of anemia in pregnancy (AIP) 
Anemia in pregnancy (AIP) is a condition with effects that may be deleterious to mothers and fetuses. Indeed, AIP is a known risk factor for many maternal and fetal complications. Maternal complications include premature labor, poor weight gain, and dysfunctional labor. [1] [2] [3] [4] [5] [6] Fetal or neonatal complications include prematurity, low birth weight, poor Apgar score, fetal distress, and neonatal distress, requiring prolonged resuscitation and causing neonatal anemia due to poor reserve. 1, 2, [4] [5] [6] [7] [8] Infants with anemia have higher prevalence of failure to thrive, poorer intellectual developmental milestones, and higher rates of morbidities and neonatal mortalities than infants without anemia. 1, 2, [7] [8] [9] Moreover, babies whose mothers had AIP during their first trimester in utero experienced higher rates of cardiovascular morbidities and mortalities in their adult lives than babies whose mothers did not have AIP. 10 A search of the Ovid MEDLINE 1966 to 2004 database yielded 399 articles, using "anemia and prevalence" as the keywords. Only two of these articles reported prevalence of anemia among women in the United States. Feroli et al reported a 30% prevalence of anemia (hematocrit <35%) among preadolescent African American females in local schools. 11 Ania reported anemia prevalence to be 12.4% in Minnesota. 12 No racial comparisons in the prevalence of anemia were performed in either of these studies. The same database search yielded six articles using "prevalence of anemia in pregnancy" (PAIP) as the keywords. [13] [14] [15] [16] [17] [18] [19] None of these six studies were conducted in the United States. Thus, the statistics on the national and racial PAIP were limited, and most of the existing anemia studies were locally conducted and focused on specific populations such as individuals with low income. 1, 11, 12, 20 
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Race is recognized as an important risk factor for infant anemia and in screening for anemia in infants. [21] [22] [23] Race is, however, not currently recognized as a risk factor of AIP. 1, 20, 23, 24 Understanding racial differences in the PAIP may help in identifying factors that may be responsible for differences in racial prevalence of many pregnancy-related complications 1, [3] [4] [5] [6] 10, 25 and thus help in planning prevention strategies.
This study had four objectives. The first was to determine the national and racial PAIP. The second, and the primary objective, was to compare the PAIP between whites and blacks. The third was to compare the risk factors for AIP between blacks and whites. The fourth objective was to identify associations between AIP and selected maternal and fetal/neonatal complications in blacks and whites.
Methods

Data Description
Data for this cross-sectional cohort study were derived from the US natality data files from 1995 to 2000. 26 These data were collected by the National Center for Health Statistics (NCHS) of the Centers for Disease Control and Prevention under a cooperative agreement with all 50 states and the District of Columbia. These data files are produced every year. They include statistical data from births that are provided to the NCHS by the individual states under the Vital Statistics Cooperative Program. 3, 27 The data conform to uniform coding specifications and have passed rigorous statistical quality checks. 3, 27 The studied variables were obtained from the aforementioned database. AIP was defined as hemoglobin concentration less than 10 g/dl. 26 The diagnosis was made from routine blood tests done during the first prenatal visit and was recorded on the US national standard birth certificates with the use of a check-box format. 26, [28] [29] [30] [31] [32] Other Variables Tables 1 and 2 depict other variables reported in the data and analyzed in this study. Race was determined by mothers' self-identifications. The reported racial groups included whites, blacks, American Indians, Asian Indians, Chinese, Japanese, Hawaiian, Filipi- 26 The remaining minority races, including Pacific Islanders, were classified as "others" in the NHCS data set. Races were digitally coded as "01" for whites, "02" for blacks, and so on. Code "99" was used for those whose racial status was not reported. Race Table 2 Maternal and Fetal Complications Reported
Statistical Analysis
The determination of the national and racial PAIP was performed by analyses of the cohort as a "whole group" (WG), which included all 23,326,064 live births who had racial and anemia status reported. Non-Hispanic white race (henceforth referred to as whites) was used as the referent group for all racial comparisons.
The differences in PAIP between non-Hispanic blacks (henceforth referred to as blacks) and whites, as analyzed in the WG, were further explored by comparing the racial PAIP in the low-risk group (LRG) that was computed out of the WG. The inclusion criteria into the LRG are listed in Table 3 . A total of 475,518 (2%) cases out of the 23,326,064 live births that constituted the WG met these criteria. These criteria were based on the known risk factors for AIP 1, [33] [34] [35] and the factors that had statistically significant associations with AIP in our analyses. Though there is currently no standard definition of an "AIP low-risk pregnancy," it is plausible that women who met the aforementioned criteria were less likely to have AIP than those who did not meet these criteria.
The analyzed AIP risk factors in whites and blacks were chosen based on the already known AIP risk factors 1, [33] [34] [35] and those factors that showed statistically significant associations with AIP in our chi-square and regression analyses. Selected maternal and fetal/neonatal complications were analyzed to determine the associations between these complications and AIP in blacks and whites.
The statistical analyses were performed with SPSS software (version 10.0). Unadjusted odds ratios (ORs), with 95% confidence intervals (CIs), were derived from chi-square analyses and were used to estimate the relative risk (RR) since this was a cohort study. 33 Adjusted ORs were derived from logistic regression. Statistically significant associations were those with 95% CI without 1 and P value less than .05.
The choice of risk factors for inclusion in the logistic regression analyses was based on the results of bivariable analyses or the already-documented known risk factors for AIP. 1, [33] [34] [35] Since the data used in this study were from a very large data set, we realized that a small difference in the PAIP might be significantly magnified. We therefore chose unadjusted RR >1.25 or <0.75 as a criterion for inclusion of risk factors (variables) in the logistic regression analysis if such variables had not been documented as known risk factors for AIP. 1, 3, [33] [34] [35] For the purpose of this study, early prenatal care was considered as prenatal registration within the first 2 months of pregnancy. This is because the developing fetus is more sensitive to deleterious conditions, like the effects of anemia, during embryogenesis and organogenesis that mostly occur during the early weeks of gestation. 10, [36] [37] [38] 
Prevalence
The PAIP dropped across all races in the LRG when compared with the corresponding prevalence in the WG. The PAIP was 10.6/1,000 in whites and 20.4/1,000 in blacks in the LRG. PAIP in American Indians (12.4/1,000) dropped to about the same level as the PAIP in whites in the LRG, with unadjusted RR of 1.17, in contrast to the unadjusted RR of 2.8 resulting from the PAIP of 50.5/1,000 in American Indians in the WG when compared with the PAIP of 18.0/1,000 in whites in the same WG. The racial difference in the prevalence of AIP was, however, still maintained between blacks (20.4/1,000) and whites (10.6/1,000) with unadjusted RR of 1.94 in the LRG.
Sociodemographic Factors
The PAIP was inversely proportional to the mothers' ages until the age of 35, when the prevalence leveled off. Teenage mothers had the highest prevalence in all races, while mothers between ages 35 and 39 had the lowest prevalence. The higher the mother's attained level of formal education, the lower the observed PAIP. Increased parity, unmarried status, multiple pregnancy, and nonmetropolitan residence were all associated with higher PAIP. The observed PAIP increased directly proportionally to the delay in registration for prenatal care. The risk factors for AIP were similar in whites and blacks, though lack of formal education had stronger statistical significance in blacks (unadjusted RR=1.95) Family Medicine when compared to in whites (unadjusted RR=1.30). The PAIP was consistently about two times higher in blacks than in whites in almost every group.
Parity
There was significant increase in the PAIP with each additional increase in parity, irrespective of the race. PAIP was 16.7/1,000 in primiparous as compared to 21.8/1,000 in pentaparous (para five) whites (RR=1.31, 95% CI=1.27-1.36, P<.000001). The same trend was observed in blacks with PAIP of 31.8/1,000 in primiparous and 38.1/1,000 in pentaparous blacks (RR=1.21, 95% CI=1.16-1.25, P<.000001), though there was less dramatic change in the PAIP in blacks in comparison with whites from para four and above.
Pregnancy Complications
Women with previous history of preterm or premature deliveries had a 2. 
Other Medical Problems
Hemoglobinopathies and renal, cardiac, and lung diseases had strong statistically significant associations with AIP in the two racial groups (Table 4) . Tobacco usage during pregnancy was associated with a 1.35 times higher risk of AIP in both races, while alcohol usage was associated with a 1.59 times higher risk. A higher percentage of whites used tobacco, while a higher percentage of blacks used alcohol during pregnancy. The risk factors for AIP were once again similar between the two racial groups, though hemoglobinopathy had stronger association with AIP in whites (unadjusted RR=11.3) than in blacks (unadjusted RR=4.8).
Uterine bleeding, or other forms of excessive bleeding, followed by rhesus incompatibility, placenta previa, and then placenta abruption were strongly associated with AIP in that descending order. The risk factors for AIP were similar in whites and blacks, though there was a little stronger association between eclampsia and AIP in whites (unadjusted RR=2.2) when compared to in blacks (unadjusted RR=1.7). Note the close to two times higher PAIP in blacks as compared to whites in almost every compared risk factor.
The majority of blacks delayed prenatal care registration. Hemoglobinopathies, lung diseases, and rhesus incompatibility had the strongest adjusted statistically significant associations with AIP in blacks, while renal diseases, rhesus incompatibility, and alcohol use had the strongest statistically significant associations with AIP in whites in logistic regression analyses. The regression analysis showed that black race was a significantly associated risk factor for AIP with adjusted P<.001. AIP was significantly associated with higher incidence of many maternal and fetal/neonatal complications in blacks and whites, with unadjusted RR ranging between 1.5 and 5.5 ( Table 5 ). The notable maternal complications that were overrepresented among anemic mothers included hydramnios, anesthetic complications, maternal seizure, dysfunctional labor, incompetent cervix, herpes, and requirement of tocolysis. Neonatal anemia, fetal distress, meconium aspiration syndrome, fetal alcohol syndrome, requirement of assisted ventilation for more than 30 minutes, and systemic organ congenital anomalies were some of the serious complications that were overrepresented among anemic mothers' offspring in comparison to the offspring of the mothers without AIP (Table 5) .
Discussion
This study established that, using the hemoglobin concentration of 10 g/dl as the cutoff point for definition of AIP, the prevalence of AIP was two times higher among blacks (35/1,000 in WG, RR=2.0 and 20/1,000 in LRG, RR=1.9) than among whites (18/1,000 in WG and 10/1,000 in LRG), irrespective of presence or absence of other AIP risks factors, with the national prevalence of AIP being 22/1,000 between 1995 and 2000 in the United States. It also showed that the risk factors for AIP were similar in whites and blacks. The study further confirmed strong associations between AIP and many maternal and fetal/neonatal complications in whites and blacks.
This study also showed that black race, maternal age, marital status, parity, socioeconomic factors as measured by the level of education attained, use of alcohol and/or tobacco during pregnancy, presence of conditions like hemoglobinopathy, renal disease, cardiac disease, and lung disease were all significant risk factors associated with AIP. Many of these risk factors for AIP identified in this study have been documented and recognized in management and prevention of AIP. 1, [33] [34] [35] Black race, however, has not been officially recognized as a significant risk factor for AIP in the United States. Moreover, this would be the first nationally conducted study on AIP to determine the national and racial PAIP and the racial differences in the AIP prevalence rates in the United States. Family Medicine
Limitations
The strengths of this study include the fact that we studied large, nationally collected and accepted natality data. 3, 26 The detailed information provided in the data gave us opportunity to compare the PAIP in whites and blacks, both in the presence and absence of all recognized risk factors of AIP. 1, 3, [33] [34] [35] We were also able to confirm the serious complications that AIP may be associated with both in the mothers and their offspring (Table 5) . 1, [3] [4] [5] [6] 10, 25 Despite those strengths, the study had limitations. One important limitation of this study was the fact that the hemoglobin concentration cutoff point of 10 g/dl, used in defining AIP in the studied data, 26 might be associated with significant underreporting of the actual prevalence of AIP. The current Centers for Disease Control and Prevention recommended cutoff points for definition of AIP are 11.0 g/dl for the first and third trimester and 10.5 g/dl for the second trimester of pregnancy. 1, 2, 33, 34, 39, 40 This may partly explain the lower prevalence of AIP observed in this study when compared with the reports of other local and international studies on AIP. 1, 4, [13] [14] [15] [16] [17] [18] [19] 23 This limitation, however, would not significantly affect the observed racial differences in PAIP between whites and blacks.
Other limitations include arguments about the racial differences in the prevalence of risk factors for AIP as possible explanations for the observed racial differences in prevalence of AIP. The notable risk factors that may have racial predilection include socioeconomic and demographic factors (age, level of education, income level), nutritional (especially iron deficiency-related anemia), hemoglobinopathies (like sickle cell disease), behavioral (smoking, alcohol usage, parity, utilization of prenatal care), maternal conditions, and obstetrical history. 1, 3, [33] [34] [35] Though the income levels of the participants were not reported in the studied data, it is plausible to roughly deduce these economic strata from the attained former educational levels of the participants since strong correlations have been established between the attained levels of former education and income. [41] [42] [43] Persistence of the racial difference in the prevalence of AIP between whites and blacks after controlling for all these risk factors both in the LRG and in the logistic regression analyses implied that black race is a factor on its own, with strong association with AIP. Indeed, iron deficiency, the globally recognized most common cause of anemia, 4,44,46-48 has been reported not to be more common in blacks when compared to whites in the study of Lazebnik et al, who reported 7.6 ng/ml higher average level of ferritin (the marker of iron storage level) in pregnant black women than in pregnant white women. 49 Thus, the possibility of higher level of iron deficiency anemia of any cause in blacks could not explain this observed twofold higher prevalence of AIP in blacks than in whites.
The timing of AIP diagnosis may be another limitation, in that timing may affect the result of the quantitative hemoglobin measurement as a result of hemodilution that occurs with pregnancy. 2, 33, 34, 39, 40 This could not, however, explain the persistence of the racial differences in the PAIP after controlling for this factor in the regression analysis and in the LRG, where one of the inclusion criteria was registration for prenatal care and screening for AIP during the first 2 months of gestation (Table 3) .
Conclusions
The Centers for Disease Control and Prevention's (CDC) recommendations for screening for anemia among childbearing-age women state that "Starting in adolescence, screen all nonpregnant women for anemia every 5-10 years throughout their childbearing years during routine health examinations. Annually screen for anemia in women having risk factors for iron deficiency (eg, extensive menstrual or other blood loss, low iron intake, or a previous diagnosis of iron-deficiency anemia)."
1 This guideline and other existing national clinical guidelines do not recognize black race as a risk factor for AIP that may warrant screening for anemia more frequently than once every 5-10 years in asymptomatic blacks of childbearing age to prevent AIP in this at-risk group. 20, 23, 24 Many women complete their childbearing within 5 to 10 consecutive years of their lives. Performing anemia screening only once every 5-10 years may lead to failure to diagnose and treat asymptomatic anemia among childbearing-age blacks before they become pregnant. More-frequent anemia screening and treatment of any diagnosed anemia in these at-risk blacks of childbearing age group may lead to significant reduction in the prevalence of AIP in this racial group and may result in significant reduction in the prevalence of the serious maternal and fetal/neonatal complications associated with AIP.
We recommend that black race should be recognized as a risk factor of AIP that warrants annual or biennial anemia screening among childbearing-age black women. Health care providers who take care of black childbearing-age women may also help reduce the prevalence of AIP in this racial group by counseling them to have a balanced diet and take supplemental iron as part of preparation for conception.
